Introduction {#S5}
============

The ongoing SARS-CoV-2 epidemic led to the implementation of mitigation strategies worldwide. To understand SARS-CoV-2 dynamics under various mitigation strategies, it is important to study the role of age because variations in transmission by age suggest differential impact of various measures such as physical distancing and workforce-related policies, which in turn has implications for epidemic control.

The rates of SARS-CoV-2 infection seem to vary by age. Serological studies in England \[[@R1]\], Switzerland \[[@R2]\] and Germany \[[@R3]\] found highest infection rates in younger adults and older adolescents. A serological study in New York State found comparable rates of infection in different age groups of adults in the greater New York City area, with lower rates of infection in persons aged over 55y compared with younger adults outside the greater New York City area \[[@R4]\]. A serological study in Spain found higher rates of infection in older individuals compared with younger ones \[[@R5]\].

Control measures may have differential effectiveness in different age groups \[[@R6]\], and the groups for which the measures are more effective may vary across populations. Social distancing seems to have been less effective among younger adults and older adolescents in Germany \[[@R7]\] and among persons aged 50--59 years in the Netherlands \[[@R8]\].

In Spain, a national lockdown was instituted on March 15 and was further strengthened to include work restrictions to non-essential workers between March 30 - April 14 \[[@R8]\]. This intervention had a pronounced effect on transmission that led to decreasing case counts in all regions of the country. However, little information is available on the relative incidence of different age groups during the different stages of the lockdown. For example, age groups that were overrepresented among those who continued non-remote work between March 15--29 could have had their relative incidence increase during that period.

Here, we estimate changes in detected incidence of SARS-CoV-2 infection by age group after the implementation of the different lockdown measures. We applied the methodology developed earlier \[[@R7],[@R10],[@R11]\] to assess the changes in the incidence of different age groups of individuals between the age of 15--69y during the epidemic associated with the implementation of the control measures on March 15 and March 30 in Spain.

Methods {#S6}
=======

Data sources {#S7}
------------

Information on daily COVID-19 cases by age group was obtained from the National Epidemiological Surveillance Network (RENAVE) through the Web platform SiViEs (System for Surveillance in Spain) through April 28, 2020 (see [Figure 1](#F1){ref-type="fig"}, [Results](#S9){ref-type="sec"}). We retrieved data on reported PCR-confirmed cases with available information on the date of symptom onset. We excluded healthcare workers due to significant non-community transmission in that population group. The data was retrieved on May 20, which greatly reduces right-censoring.

Relative change in SARS-CoV-2 infection by age-group {#S8}
----------------------------------------------------

Daily counts (by date of symptom onset) of reported COVID-19 cases in different 5-year age groups are plotted in [Figure 1](#F1){ref-type="fig"}. For this analysis, we included individuals aged 15 through 69 years. We excluded children under 15 years because of potential temporal changes in diagnosis/ascertainment of cases, and individuals 70 years and older because significant non-community transmission of infection in long-term care facilities (LTCFs) likely affected their relative share in cases \[[@R13],[@R13]\]. In sensitivity analyses we restricted the calculations to a) two regional clusters to explore geographic heterogeneity, and b) hospitalized cases to evaluate the impact of potential changes in ascertainment, under the assumption that the detection of severe cases requiring hospitalization is relatively insensitive to changes in diagnostic criteria.

We selected three periods (by symptom onset date of cases): March 1--10 (five days before the national lockdown, as some social distancing measure were already being phased in starting March 10), March 25-April 3 (starting ten days after the start of the lockdown to allow for time from infection to symptom onset, as well as the time for the transmission dynamics under the new set of mitigation efforts to take shape), and April 8--17 (starting 10 days after the strengthened lockdown). During the initial lockdown, but not during the strengthened lockdown, non-essential workers were allowed to commute (and work) when remote working was not possible \[[@R9]\].

Using the methodology in \[[@R7]\], we computed the age-specific proportion ratios for each of the lockdown periods (March 25-April 3 or April 8--17) relative to the pre-lockdown period (March 1--10). For each age group *g,* let *E(g)* be the number of detected COVID-19 cases in age group *g* during the earlier period (March 1--10), and *L(g)* be the corresponding number during the later period (either March 25-April 3 or April 8--17). The proportion ratio (PR) statistic is $$PR(g) = \frac{L(g)}{\sum_{h}{L(h)}}/\frac{E(g)}{\sum_{h}{E(h)}}$$ Specification of the confidence bounds for the PR statistic \[[@R14]\], as well as the comparison of proportion ratios in different age groups are described in [section S3](#SD1){ref-type="supplementary-material"} of the [Supplementary Material](#SD1){ref-type="supplementary-material"}.

Results {#S9}
=======

[Figure 1](#F1){ref-type="fig"} plots the epidemic curves of daily (by the day of symptom onset) COVID-19 cases for eleven 5-year age groups: (15--19y through 65--69y) between March 1^st^ and April 30^th^, 2020. [Table S4](#SD1){ref-type="supplementary-material"} in the [Supplementary Material](#SD1){ref-type="supplementary-material"} summarizes the number of cases reported by age group for each period used in the analysis. The counts of confirmed cases are much higher in older individuals than in younger ones; however, those differences do not necessarily reflect differences in the rates of infection (as suggested by the serological estimates \[[@R5]\]) as infections are more severe in older individuals, and the likelihood of reporting of infection is higher for older individuals than for younger ones.

After first lockdown period: March 25-April 3, 2020 {#S10}
---------------------------------------------------

[Figure 2](#F2){ref-type="fig"} plots the estimates of the proportion ratio (PR) for the period of March 25-April 3 vs. March 1^st^--March 10. Among the age groups considered, the highest estimates of PR belong to persons aged 50--54y (PR=1.21; 95% CI 1.12,1.30) and 55--59y (PR=1.19; 1.11,1.27), with PR estimates for persons aged 15--44y and 60--69y being significantly lower ([Supplementary Material](#SD1){ref-type="supplementary-material"}).

After second (strengthened) lockdown period: April 8--17, 2020 {#S11}
--------------------------------------------------------------

[Figure 3](#F3){ref-type="fig"} plots the estimates of PR for the period of April 8--17 vs. March 1--10, 2020. Among the age groups considered, the highest point estimate of PR belongs to individuals aged 15--19y (PR=1.26; 0.95,1.68), followed by persons aged 50--54y (PR=1.20; 1.09,1.31), 55--59y (PR=1.16; 1.06,1.27), and 30--34y (PR=1.08; 0.94,1.25).

A comparison of [Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} suggests an increase in the proportion of COVID-19 cases for the second compared with the first lockdown period in younger age groups (up to 34 years) relative to the middle ones (35--64y). Those increases for different pairs of age groups are shown in [Table S3](#SD1){ref-type="supplementary-material"} in the [Supplementary Material](#SD1){ref-type="supplementary-material"}.

Sensitivity analyses using regional clusters and hospitalized cases yielded consistent estimates ([Supplementary Material](#SD1){ref-type="supplementary-material"}, [Sections S1](#SD1){ref-type="supplementary-material"}--[S2](#SD1){ref-type="supplementary-material"}).

Discussion {#S12}
==========

We applied the methodology in \[[@R7],[@R10],[@R11]\] to show that the relative incidence of detected SARS-CoV-2 infections in different age groups changed during the lockdown periods in Spain. Individuals aged 40--64y, particularly those aged 50--59y, had an elevated relative incidence during the first lockdown period, when non-essential work was allowed, compared to pre-lockdown period. The relative incidence of younger adults/older adolescents, as well as persons aged 50--59y, was increased during a strengthened lockdown compared to pre-lockdown period.

These differences by age group might be explained by a number of factors. First, the elevated relative incidence in middle-aged adults during the first lockdown period, when non-essential workers were allowed to work, is consistent with the higher employment rates in Spain in middle-aged adults compared with younger adults \[[@R15]\]. Second, adherence to social distancing may vary with age: relative increases for younger adults/older adolescents during the second lockdown period might reflect lower adherence to lockdown measures, whereas perception for risk of severe disease could have led to stronger individual adherence for persons aged 60--69y. Finally, changing social responsibilities, household transmission, and the high prevalence of multigenerational families may also have contributed to the patterns of incidence observed in this paper. Further work is needed to understand those issues to better inform future mitigation efforts.

Our results are aligned with findings in several other European countries. Persons aged 50--59y were least impacted in terms of mixing/number of contacts with people following the introduction of social distancing measures in the Netherlands \[[@R8]\], which is in agreement with the elevated relative incidence in persons (excluding healthcare workers) aged 50--59y throughout the lockdown period in Spain. Our findings for the second lockdown period in Spain echo those from several other countries: a higher relative incidence of infection in younger persons was found in England \[[@R1]\], Switzerland \[[@R2]\], and Germany (Figure 6A in \[[@R3]\]), and the highest proportion ratio (PR) estimates for the post lockdown period in Germany belong to younger persons \[[@R7]\].

Our findings could be affected by age-differential changes in case ascertainment, over time or across regions. However, there is no evidence of fundamental diagnostic changes during the lockdown period in Spain, where the focus was on testing the more severe cases. Moreover, analyses restricted to hospitalized cases, which are less likely affected by changes in ascertainment, and region-specific analyses yielded estimates that were consistent with those of the main analysis.

In summary, our paper provides evidence for an elevated relative incidence of individuals aged 40--64y during the 1^st^ lockdown period, when non-essential work was allowed, and for an elevated relative incidence of younger adults/older adolescents when only essential workers continued working. These results suggest that age structure is an important factor in the effect of lockdown interventions.
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